Abstract Embodied cognitive science appeals to the idea that cognition depends on the body as well as on the brain. This study looks at whether we are more likely to engage just the brain or enlist the body for complex cognitive functioning such as creative problem solving. Participants were presented with a puzzle based on De Bono's lateral thinking puzzles. The puzzle consisted of rotating and joining two-dimensional shapes to make a threedimensional one. In one condition, participants were given the choice of either solving the puzzle mentally or through manipulation of the images on a computer screen. In another condition, the subjects had to solve the puzzle first mentally and then report which mode they would have preferred to solve the puzzle. Two more conditions were applied with slight variations. In all conditions, an overwhelming majority of participants chose to solve the puzzle by manipulation, even though there was not a significant increase on performance. It appeared that participants were making a conscious choice for the body to play a feedbackdriven role in creative cognitive processing. This strong preference for manual manipulation over just mental representation, regardless of the impact on performance, would seem to suggest that it is our natural tendency to involve the body in complex cognitive functioning. This would support the theory that cognition may be more than just a neural process, and that it is a dynamic interplay between body, brain and world. The experiential feedback of the body moving through space and time may be an inherently important factor in creative cognition.
Introduction
In the 1950 s and 1960 s, research of creativity and insight came to be dominated by an information-processing approach, linked to developments in Artificial Intelligence (Mayer 1999) . According to this view, creativity was a product of the mind instantiated in the neural processes of the brain. More recently, however, considerable debate has been generated about the precise location of the mind, and whether it is situated in the brain (Noe 2009; Clark 2008; Hameroff 2007) . The implications of so-called extended or enactive theories of mind are potentially important for topics like creativity as they introduce the idea of interplay between the brain, body and environment. Bohm and Peat (1987) talk about play and interaction with the environment as being important aspects of creativity. The idea of interaction with the world at large having an impact on cognitive activities is also being proposed in contemporary theories of the mind (Noe 2009). Merleau-Ponty (1962) argued that perception and representation always occur in the context of, and are structured, in the course of a person's on-going purposeful engagement with the world. Embodied cognitive scientists are proposing that cognition deeply depends on the involvement of the body in sensing and acting as well as being neurally instantiated (Varela et al. 1991) . Thelen and Smith (1994) offered a challenge to cognitive developmental theorists by applying a dynamical systems theory to developmental psychology. They stated that novel behaviours could be generated through bodily activity. Thelen and Smith were also proposing that there is an aspect of development that was emergent and self-organising. Meaning to say that bodily involvement can come before mental representation in some instances.
Embodied cognition also seems to be appearing more in the area of art theory and practice. ''For instance Hockney talked about his reflective process in which he asks and makes theories only after, and not before, having done something''. (Sullivan 2011, p. 117) This element of first experiencing physically and then developing a cognitive representation would appear to support the theory of embodied cognition.
Background
The idea for this study came initially from observations of children. In working with children for over 10 years, consistent patterns of behaviour had started to emerge. One of the most prominent behaviours is this natural tendency of children to want to touch, manipulate or play with the objects involved in their learning (Pepler 1982) . This tendency was so strong that we started asking the question of whether adults still had this tendency, especially in the area of creative problem solving. We decided to start exploring preferences by asking whether the adults preferred playing with objects on a computer screen to solve a creative puzzle or by solving the puzzle 'in their heads'.
Methodology
There were a total of 60 participants involved in this study, the majority of who were from the Product Design Course of a University. In total, there were 38 male and 22 female participants. Specific ages were not asked in the consent form, but the participants in conditions 1 and 2 were design students and tended to be under 30 years of age and the participants in conditions 3 and 4 were from different backgrounds and tended to be over 30 years of age.
Participants were asked to sit in front of a computer monitor where they were presented with a puzzle on the screen. This puzzle was based on a lateral thinking puzzle from De Bono (1977) . There were three shapes, which were two-dimensional, and they were instructed to create a three-dimensional shape from these three individual shapes. See Fig. 1 below.
The initial design had only two conditions: Condition 1: Participants were allowed to choose at the onset which method they would like to use to solve the puzzle-either in their heads (thinking) or by using the mouse to rotate or move the shapes (playing). They were timed as to how long it would take them to create the threedimensional shape.
Condition 2: Participants were asked to solve the puzzle in their heads and timed as to how long they took to solve the puzzle. They were later asked which mode they would have preferred to use if they had been allowed to choose at the onset-either in their heads (thinking) or by using the mouse to rotate or move the shapes (playing).
Whilst conducting the study for these two conditions, it became apparent that there were two issues that were not ideal in obtaining clear results.
• The majority of participants were design undergraduates and therefore found the puzzle to be quite easy to solve.
• The manual manipulation of the shapes on the computer screen by using the mouse was a little difficult, and the actual moving of the shapes was having a negative affect on the solving time performance.
In response to these limitations, two more conditions were introduced to the study:
Condition 3: Participants were allowed to choose at the onset which method they would like to use to solve the puzzle. They were asked to tell the experimenter when they had solved the puzzle. If their verbal response was correct, even though the actual shape had not yet been made, the verbal response was time stamped as the performance time.
Condition 4: Participants that were not design students were selected for this condition and were allowed to choose at the onset which method they would like to use to solve the puzzle. They were asked to tell the experimenter when they had solved the puzzle. If their verbal response was Fig. 1 The three shapes presented to participants S148
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Once the participants had completed the initial problemsolving task, they were then asked to fill out a questionnaire about their problem-solving preferences.
Results

Overall:
Of the people who had a choice, 85 % chose to play. 95 % said they would have preferred to have the 'real' shapes to the other two options of solving the puzzle.
For those who played: 80 % got the answer correct. The people with the correct answers took on average 72.1 s to solve the problem correctly. Standard deviation = 52.3 s.
For those who thought: 70 % got the answer correct. The people with the correct answers took on average 43.8 s to solve the problem correctly. Standard deviation = 20.9 s (Table 1) .
Discussion
In all conditions, there was an overwhelming preference of participants to want to use manipulation (play condition) as shown in Table 1 . According to Slovic ''The expression of preference by means of choice and decision making is the essence of intelligent, purposeful behaviour' ' (1995. 364) . What is this overwhelming preference to manipulate the shapes via a computer mouse telling us? It seems to be informing us that our natural tendency is to interact, even indirectly, with the world we are in. ''Biological brains are first and foremost the control systems for biological bodies. Biological bodies move and act in rich real-world surroundings'' (Clark 1998. 506) . In this study, the bodily information was not directly related to the problem solving of this creative task, that is, the participants did not manipulate the actual physical shapes. There was, however, secondary visual feedback that was informing the participant as they tried to solve the task.
Contemporary embodied cognition theorists have categorised personal experience into two areas: on-line and offline embodied cognition. On-line cognitive activity is seen as task-relevant; the mind can be seen as operating to serve the needs of a body interacting with a real-world situation (Wilson 2002) . ''Off-line aspects of embodied cognition include cognitive activities in which sensory and motor resources are brought to bear on mental tasks whose referents are distant in time and space or are altogether imaginary. In these cases, rather than the mind operating to serve the body, we find the body (or its control systems) serving the mind'' (Wilson 2002. 635) .
Our findings seem to support this definition of personal experience: that involvement of the body even in an indirect manner (or off-line mode) was the preferred method of solving the creative problem to using only mental representation. What was also interesting is that the performance results did not show a significant difference between thinking and playing. So it could be suggested that the motivation for wanting to play with the objects even indirectly was not about necessarily enhancing performance. Findings from another study we conducted recently looking deeper into the role of play showed that nonrelated play significantly outperformed direct manipulation of materials in solving a creative task (Loudon et al. 2012) . In that study, we suggest that the interaction with environment may not only be a way of obtaining information but may also have something to do with a person's ''state of being.'' Therefore, the preference shown by the majority of participants from this study may have been motivated by an inherent natural tendency.
The findings from this study have shown that there is a very strong preference for people to interact with their external environment, even if the physical feedback is not directly related to the task at hand. This desire for bodily feedback tends to suggest that interaction with an object is our natural preference in solving complex problems. This study would appear to not only support embodied cognition theories but also begin to show that embodied cognition may well be our natural preference. It would be very interesting to look further into why we seem to have such a strong preference for interacting with our environment.
Limitations
A very practical issue that is mentioned in the methodology section of this paper was the difficulty of moving the shapes on the computer screen. The software program could be developed so that the shapes are more easily moved to create the three-dimensional shape. A suggestion a Participants in this condition were unable to choose this mode to solve the puzzle; they could only state their preference after they had completed the task by one of the participants was to use a touch screen, as a more direct way of moving the shapes. Another area to consider if this study were to be replicated would be to use more than one puzzle. This particular puzzle was a De Bono lateral thinking puzzle related to creating shapes. Many of the design students were familiar with this type of problem. Perhaps using one or two different problems that were not just geometric would provide more information about complex problem-solving preferences.
Further research
One very important area that emerged from this study was this strong preference for wanting to have the physical object to ''play' with in order to solve the problem. A worthwhile area to investigate would be the role that physical objects play in relation to creative problem solving. It would also be interesting to investigate further the reasons for this preference to want to 'play' with physical objects and whether the objects need to be directly related to the creative task.
